In this study, we investigated the effects of dietary soybean-germ protein (SGP) on abdominal fat accumulation in growing broiler chickens. A total of 24 seven day-old male broiler chicks were allocated to two cages and fed a control diet or a SGP diet for 21 days. Dietary SGP significantly decreased the weight of abdominal adipose tissue. Hepatic triglyceride content and plasma levels of triglyceride and very low density lipoprotein-triglyceride were significantly decreased by dietary SGP. The enzymatic activity and mRNA level of fatty acid synthase in the liver were significantly decreased by dietary SGP. These results suggest that dietary SGP might reduce abdominal fat accumulation by downregulation of fatty acid synthesis in the liver of growing broiler chickens. The weights of breast muscles and thighs were significantly increased by dietary SGP. The ribosomal capacity of the breast muscles was significantly increased by dietary SGP. These results suggest that dietary SGP might increase skeletal muscle weight by upregulation of protein synthesis in the muscle of growing broiler chicken. All our findings suggest that SGP can be used as a new feed ingredient for broiler chickens.
Introduction
The current consumption of soybean and its soy products for both human and livestock industry is due to their nutritional properties (Phommalth et al., 2008) . For example, soybean meal (SBM, protein content is about 45 %), a byproduct of soybean oil, is the most widely used protein source in the world for livestock diets. Soybean protein isolate, which is purified from SBM, is also used as a protein source for human diets. It is therefore possible that a competition exists between human beings and livestock industries for the consumption of soy products and results in an inadequate supply of soybean in the near future. Therefore, a new ingredient, which can be used as a protein source like SBM, has been sought for livestock diet.
Recently, soybean-germ oil is marketed increasingly as a health-promoting oil, because the amount of lipophilic components isoflavones in soybean-germ is about 5-6 times higher than in the cotyledon (Liu, 1997; Schryver, 2002) .
Soybean-germ oil also contains tocopherols, phytosterols, polyunsaturated fatty acids, carotenoids and other vitamins at high concentrations. Consequently, the amount of soybeangerm protein (SGP), a by-product of soybean-germ oil, has drastically increased in recent year. However, efficient utilization of SGP has not been accomplished, although the protein content of SGP (about 65 %) is higher than that of SBM.
Poultry breeders have intensively selected broiler chickens over many generations with specific emphasis on increasing growth rate. Increased body weight (BW) in broiler chickens has been accompanied by unintended changes such as increased body fat (Wang et al., 2010) . Excessive fat accumulation increases inedible by-products such as visceral adipose tissue, which in turn, results in a lower feed efficiency. In addition, excessive fat accumulation-related metabolic diseases are serious problems for the poultry industry (Julian, 2005) . For example, heart and circulation disorders play an important role in the incidence of dead-on-arrival birds at the slaughterhouse (Nijdam et al., 2006) . Therefore, a new feed ingredient for broiler chickens should not increase body fat accumulation without affecting growth rate.
The objective of the present study is to investigate the effects of dietary SGP on the body fat accumulation of grow-ing broiler chickens. We used 28-day old broiler chickens, because correlations among 28-day BW, 42-day BW and 47-day carcass weight were positive and high in broiler chickens (Wang et al., 1991) .
Materials and Methods

Preparation of SGP
SGP (Table 1) was prepared from soybean-germ. Briefly, soybean-germ was defatted by hexane extraction, and defatted soybean-germ flakes were washed with 70 % ethanol at 70℃ for 30 min, filtered, and dried at 100℃ for 40 min. The obtained flakes were milled to prepare SGP in powder form. General composition and amino acid composition of SGP were measured by the standard methods (AOAC, 1995) .
Animals and Feed
Day-old male broiler chicks (chunky) were purchased from a local hatchery (Ishii Co. Ltd., Tokushima, Japan). They were given free access to water and a commercial chicken starter diet (Nosan Co., Kanagawa, Japan, 20% of crude protein, 310 kcal of ME/100 g diet) and acclimated to the facility for 6 days before feeding of experimental diets.
In our preliminary experiment, we carried out a screening experiment to examine the effect of dietary SGP on growth in growing broiler chickens. A SBM diet, which contains SBM as a sole source of protein, served as a control diet, and SGP was used to replace 25%, 50%, 75% or 100% protein supplied by SBM in the control diet, respectively. We found that the abdominal adipose tissue weight was significantly (P ＜0.05) decreased at SGP levels above 50% compared to the control group. However, BW was decreased in the 75% and 100% groups although differences in feed intake were small among groups. Therefore, in the present study, a 50% of SBM protein in the control diet was replaced with SGP. Methionine, threonine and arginine were added to diets to meet the recommendations of National Research Council for broiler chicks (National Research Council, 1994) . Chicks were given free access to water and the experimental diets throughout the experimental period. All experimental diets were provided in powder form.
A total of 24 seven day-old male broiler chicks were weighed, allocated based on BW to two cages (12 birds in each group) and fed experimental diets (a control diet or a Table 2 ) for 21 days. At the end of the experimental period, BW was measured, and chickens were sacrificed by decapitation. All experimental procedures followed the guidelines for the care and use of experimental animals at the Rokkodai Campus of Kobe University in Japan.
Sampling and Preparation
Blood was collected from carotid artery. Plasma was separated immediately by centrifugation at 3,000 × g for 10 min at 4℃, frozen by liquid nitrogen and stored at −80℃ for triglyceride (TG) and 3-methylhistidine analysis. The liver, abdominal adipose tissue, breast muscles and thighs were excised and weighed. A portion of the pectoralis major muscle, a major part of breast muscles, was frozen immediately for total RNA and protein analysis. A portion of the fresh liver was frozen immediately by liquid nitrogen and stored at −80℃ for lipid and real-time PCR analyses. Another portion of the fresh liver was used to prepare the mitochondria (Nedergaard and Cannon, 1979) and cytosol (Nepokroeff et al., 1975) fractions. The liver was homogenized in 9 volumes of 10 mM phosphate buffer (pH 7.0), 0.3 M sucrose and 1 mM EDTA. The homogenate was centrifuged at 750 × g for 5 min at 4℃. The supernatant was recentrifuged at 10,000 × g for 10 min at 4℃. The resulting pellet (hepatic mitochondria fraction) was frozen by liquid nitrogen and stored at −80℃ for enzymatic analysis. The supernatant was recentrifuged at 105,000 × g for 60 min at 4℃. The resulting supernatant (hepatic cytosol fraction) was frozen by liquid nitrogen and stored at −80℃ for enzymatic analyses.
Analytical Methods Plasma and Hepatic Lipids Analyses
The total lipid of each liver was extracted from the frozen liver with chloroform-methanol (2:1, vol/vol). The lipid extract was dried, dissolved in 2-propanol and used for the analysis of TG. Very low density lipoprotein (VLDL) was isolated from the frozen plasma using the method of Cham (1976) . Plasma, VLDL and hepatic TG levels were determined enzymatically using commercial kits (Triglyceride Etest Wako, Wako Pure Chemical Industries, Ltd., Osaka, Japan). Plasma free fatty acid (FFA) was measured by the method of Kushiro et al. (1970) .
Enzymatic Analyses
Acetyl-CoA carboxylase (ACC) activity in hepatic cytosol fractions was determined by the H 14 CO 3 − fixation assay (Nakanishi and Numa, 1970) . Fatty acid synthase (FAS) activity in hepatic cytosol fractions was determined by the spectrophotometric method (Nepokroeff et al., 1975) . Carnitine palmitoyltransferase (CPT) activity in hepatic mitochondria fractions was determined by the method of Bieber et al. (1972) . Acyl-CoA dehydrogenase (ACD) activity in hepatic mitochondria fractions was determined by the method of Mason et al. (2005) . Protein concentrations of mitochondria and cytosol fractions were determined by the method of Lowry et al.(1951) .
Real-time PCR Analysis
Total RNA was extracted from the frozen liver using the Sepazol-RNA I (Nacalai Tesque, Inc., Kyoto, Japan). Firststrand cDNA was synthesized from 5 μg of DNase I (Invitrogen, Carlsbad, California, USA) -treated total RNA using the SuperScript III First Strand Synthesis System for RT-PCR (Invitrogen, Carlsbad, California, USA) with random primers. Complementary DNAs of Acetyl-CoA carboxylase α (ACCα), FAS, carnitine palmitoyltransferase 1A (CPT1A), long-chain acyl-CoA dehydrogenase (LCAD), sterol regulatory element-binding protein 1 (SREBP1) and peroxisome proliferator-activated receptor α (PPARα) were amplified with the primers (Table 3) . As an internal standard, cDNA of chicken ribosomal protein S17 (RPS17) was also amplified using the primers (Table 3 ). All primers Journal of Poultry Science, 49 (4) 284 5′ -CAG GTA TCG CAT CAC TAT AGG TAA CAA -3′ 5′ -GTG AGC GCA GAA TAG AAG GAT CA -3′ 5′ -ACT GTG GGC TCC AAA TCT TCA -3′ 5′ -CAA GGA GCC ATC GTG TAA AGC -3′ 5′ -GCC CTG ATG CCT TCA TTC AA -3′ 5′ -ATT TTC CCA TGT CTC GGT AGT GA -3′ 5′ -CCT CTG CTA AGC GGC TGA CT -3′ 5′ -TGT CGT GGT CTG ACG AGA AGA -3′ 5′ -CAT CCA TCA ACG ACA AGA TCG T -3′ 5′ -CTC AGG ATC GCC GAC TTG TT -3′ 5′ -AAA CCA ACC ATC CTG ACG ATA TCT -3′ 5′ -GGA GGT CAG CCA TTT TTT GGA -3′ 5′ -GCG GGT GAT CAT CGA GAA GT -3′ 5′ -GCG CTT GTT GGT GTG GAA GT -3′ were purchased from Hokkaido System Science Co., Ltd.
(Hokkaido, Japan). Power SYBR Green PCR Master Mix was purchased from Applied Biosystems Japan (Tokyo, Japan), and mRNA expression was quantified in duplicate using the Applied Biosystems 7300 Real-Time PCR system according to the supplier's recommendations. Plasma 3-methylhistidine and Ribosomal Capacity Analyses Plasma 3-methylhistidine level was measured by the method of Yamaoka et al. (2008) . Total RNA of the pectoralis major muscles was extracted, and the RNA content was determined as described above. Protein concentration of the pectoralis major muscles was determined by the method of Lowry et al. (1951) . The ribosomal capacity in the pectoralis major muscles was estimated as the total RNA / protein ratio.
Statistical Analysis
Data were analyzed using Student's t-test. All statistical analyses were performed using the commercial package (StatView version 5, SAS Institute, Cary, NC, USA, 1998). Table 4 shows the effects of dietary SGP on weights of body and several tissues in growing broiler chickens. Dietary SGP significantly decreased the weight of abdominal adipose tissue (P＜0.01). In contrast, the weights of breast muscles and thighs were significantly increased by SGP (P＜ 0.05). Body weight and body weight gain (BWG) were not affected by SGP. In the present study, we did not measure individual feed intake. Therefore, feed intake and feed conversion ratio can not be statistically analyzed. However, cumulative feed intake (1028.3 g/21days/bird in the control group and 1138.5 g/21days/bird in the SGP group) and feed conversion ratio (1.33 g diet/g BWG in the control group and 1.41 g diet/g BWG in the SGP group) of the SGP group were improved by dietary SGP. Fig. 1 shows the effects of dietary SGP on plasma and hepatic TG and plasma FFA levels in growing broiler chickens. Dietary SGP significantly decreased TG levels in the liver and plasma, and VLDL (P＜0.05). Plasma free fatty acid level was not affected by SGP. Fig. 2 shows the effects of dietary SGP on the enzymatic activities and mRNA levels of rate-limiting enzymes related to fatty acid synthesis in the liver in growing broiler chickens. Both of the enzymatic activity and mRNA level of FAS were significantly decreased by SGP (P＜0.05), whereas those of ACC were not changed. Fig. 3 shows the effects of dietary SGP on the enzymatic activities and mRNA levels of rate limiting-enzymes related to fatty acid oxidation in the liver in growing broiler chickens. Dietary SGP did not affect the enzymatic activities of ACD and CPT. The mRNA levels of CPT1A and LCAD were not affected by dietary SGP. Dietary SGP also did not affect the mRNA levels of SREBP1 and PPARα (Fig. 4) . Fig. 5 shows the effects of dietary SGP on the ribosomal capacity of the breast muscles and plasma 3-methylhistidine level in growing broiler chickens. The ribosomal capacity of the breast muscles was significantly increased by dietary SGP (P＜0.05), whereas plasma 3-methylhistidine level was not affected.
Results
Discussion
Dietary SGP significantly decreased the weight of abdominal adipose tissue (Table 4) . Abdominal adipose tissue has been known to be a good indicator of fat deposition in chickens (Shigeno, 1973) . It is therefore likely that dietary SGP decreases fat deposition in growing broiler chickens. Dietary SGP significantly decreased hepatic TG content and plasma VLDL-TG level (Fig. 1) . TGs are resynthesized in the liver, secreted to the blood stream mainly as VLDL, and transported to the peripheral organs, including adipose tissues. Unlike in mammals, lipogenesis in birds is very limited in the adipose tissue, and the production of lipids is greater in the hepatic tissue (Griffin et al., 1992; Hermier, 1997; Alvarenga et al., 2011) . VLDL formation is highly dependent on TG availability in the liver. Hepatic TG availability is altered by the balance between fatty acid synthesis and oxidation in the liver (Duval et al., 2007) . Therefore, we examined the enzymatic activities and mRNA levels of the rate-limiting enzymes related to the fatty acid synthesis (ACC and FAS) and oxidation (CPT and ACD) in the liver. The enzymatic activity and mRNA level of FAS were significantly decreased by dietary SGP (Figs. 2) . FAS is known to be regulated at the transcriptional level, as has been observed previously (Proszkowiec-Weglarz et al., 2009; Richards et al., 2010) . These results suggest that the downregulation of FAS activity in the liver by SGP was due to the suppression of the transcription of FAS gene. Most β-oxidation occurs in the mitochondria where long-chain fatty acids have to cross the mitochondrial membranes through the CPT system (Bartlett and Eaton, 2004) . CPT1 is frequently described as a rate-limiting enzyme of the β-oxidation pathway, and CPT1A is the major isoform in the liver (SkibaCassy et al., 2007; Bonnefont et al., 2004) . ACD, which consists of different enzymes such as short-chain acyl-CoA dehydrogenase (SCAD), medium-chain acyl-CoA dehydrogenase (MCAD), LCAD, and very long-chain acyl-CoA dehydrogenase (VLCAD), functions as a rate-limiting enzyme of β-oxidation (Zeng and Li, 2004) . SCAD, MCAD, LCAD and VLCAD dehydrogenize C4-C8, C6-C10, C14-C22 and C24 acyl-CoAs, respectively (Ikeda et al., 1985) . In the present study, experimental diets were supplemented with Motoki et al.: Effects of Soybean-germ Protein on Chickens soybean oil, which contains more than 85% long-chain fatty acids (C14-C22). In addition, it is well known that most of the fatty acids in chicken adipose tissue are long-chain fatty acids. Therefore, in addition to the enzymatic activities of CPT and ACD, we examined the mRNA levels of CPT1A and LCAD in the liver. However, SGP did not affect both the enzymatic activities and mRNA levels of CPT1A and ACD (LCAD) (Fig. 3) . These results suggest that SGP does not affect hepatic fatty acid oxidation in growing broiler chickens. It is therefore likely that dietary SGP decreases hepatic and plasma TG levels by the downregulation of FAS activity in the liver, which in turn results in the decrease of abdominal fat weight.
To date, two SREBPs (SREBP1 and 2) and three PPARs (PPARα, β, and γ) have been identified (Shimano, 2001; Mandard et al., 2004) . SREBP1 is more active for lipogenic genes including FAS and ACC whereas SREBP2 is more specific to cholesterogenic genes (Shimano, 2001) . Recent research has shown that PPARα is a key transcriptional regulator of fatty acid oxidation (Mandard et al., 2004 ). However, Fernández-Alvarez et al. (2011 discovered that human SREBP1 expression in liver is directly regulated by PPARα in vitro. Therefore, we examined the mRNA levels of SREBP1 and PPARα in the liver. Dietary SGP did not affect the mRNA levels of SREBP1 and PPARα (Fig. 4) . These findings suggest that both SREBP1 and PPAR α are not involved in the downregulation of the transcription of FAS gene by dietary SGP in growing broiler chickens. Denechaud et al. (2008) showed that the FAS gene is a direct transcriptional target of not only SREBP1 but also liver X receptor and carbohydrate-responsive element-binding protein. It is therefore possible that these transcription factors are involved in the downregulation of FAS gene expression by SGP in broiler chickens. Further study is needed to identify the mechanism underlying the downregulation of FAS in the liver by dietary SGP in growing broiler chickens.
Many reports have indicated that the nature of dietary proteins affects body fat deposition, and have focused on the importance of the level of some essential amino acids (EAA), or EAA / non-essential amino acids (NEAA) ratio of the proteins. For example, decreasing the dietary lysine, isoleucine or methionine content resulted in a significant increase in carcass fat content (Velu et al., 1972; Summers and Leeson, 1985) . The dietary ratio of EAA / NEAA had a significant negative linear effect on the proportion of carcass fat (Bedford and Summers, 1985) . However, the dietary ratio of EAA / NEAA was similar between groups (Table 2) . Thus, the amino acid composition of experimental diets might not be related to the decrease of the weight of abdominal fat in the SGP group.
As shown in Table 4 , dietary SGP significantly increased the weights of breast muscles and thighs (P＜0.05) in growing broiler chickens. The rate of skeletal muscle growth is altered by the balance between the rate of protein synthesis and the rate of protein degradation in the skeletal muscle (Goll et al., 2008) . In previous studies, the capacity for protein synthesis, i.e. ribosomal capacity, was calculated to explain the possible variation of protein synthesis (Tesseraud et al., 1996; Temim et al., 2000; Dong et al., 2007) . On the other hand, plasma 3-methylhistidine is known to be a nonmetabolizable amino acid marker of myofibrillar protein catabolism (Hayashi et al., 1985; Fetterer and Allen, 2000; 2001) . Therefore, we measured the effects of dietary SGP on the ribosomal capacity of the breast muscles and plasma 3-methylhistidine level in growing broiler chickens (Fig. 5) . Dietary SGP significantly increased the ribosomal capacity of the breast muscles (P＜0.05). In contrast, plasma 3-methylhistidine was not affected by SGP. These findings suggest that the increase of the weight of the skeletal muscle by dietary SGP might be due to the upregulation of protein synthesis in the muscle. There is evidence that several amino acids affect protein synthesis in skeletal muscle. For example, the stimulation of protein synthesis in skeletal muscle produced by intake of a mixed meal is due largely to branched chain amino acids in mammals (Kimball and Jefferson, 2006) . Dietary lysine content affects both protein synthesis and degradation in growing broiler chickens (Urdaneta-Rincon and Leeson, 2004) . However, the amino acid compositions were similar between groups (Table 2) . Thus, the amino acid composition of experimental diets might not be related to the increase of the weights of breast muscles and thighs in the SGP group. Although antibiotic Journal of Poultry Science, 49 (4) growth promotion in domestic animal production has been practiced for about 50 years in the United States and other countries, approvals for the use of nontherapeutic antibiotics in animal feed are fast disappearing worldwide (Dibner and Richards, 2005) . However, the ban of feed antibiotics might decrease the growth and efficiency of poultry. Therefore, a new feed additive that effectively increases meat yield of domestic animals should be developed. In the present study, we found that dietary SGP significantly increased the weights of the breast muscles and thighs (Table 4) . It is therefore possible that SGP contains growth-promoting components. Further study is needed to clarify this point.
Since the protein content of SGP is higher than that of SBM (65.0% and 46.8%, respectively), a half of SBM was replaced by not only SGP, but also inert fillers. Fiber and sand are usually used as inert fillers in experimental diets of chickens. However, dilution of diets with fiber may alter diet digestibility because fiber influence the rate of feed passage through the digestive tract. Furthermore, there is evidence that dietary fiber influences lipid metabolism in chickens Matsumoto, 1978, 1982) . On the other hand, although sand allowed for better digestion of coarse or fibrous feed in chickens, sand would have little effect on a powder diet as used in this study. Therefore, sea sand was used in this study as a main inert filler. However, further study might be needed to investigate the interaction between SGP and sea sand underlying the effects of dietary SGP on the weights of abdominal adipose tissue and muscles in broiler chickens observed in this study.
In conclusion, we investigate the effects of dietary SGP on abdominal fat accumulation in growing broiler chickens. Our results showed that SGP reduces the weight of abdominal adipose tissue and increases the weights of breast muscles and thighs in growing broiler chickens. These results suggest that SGP can be used as a new feed ingredient for broiler chickens.
